Investigations on the influence of natural Nauheim standing and running effervescent C02 thermo-saline baths on the subcutaneous CO2 and 02 tension in gas under the skin in rabbits showed a decrease of the CO2 tension in all experiments. The 02 tension increased in 50 per cent. of the experiments, in the others it remained unaffected. The results are interpreted as due to an increase in ventilation and an increase in peripheral blood-flow, thle peripheral blood-vessels being dilated. Plain water baths of the same temperature and duration did not show this effect on the peripheral circulation, both C02 and 02 tension being decreased after the bath. The relations between these researches and other investigations on the effect of natural thermo-saline baths are discussed as well as the difference between the effect of natural and artificial baths. The special curative properties of fresh natural mineral springs are in some way connected with the composition of the salts as complex compounds and their molecular structure. These complex compounds being decomposed by heat, light or access of air, the special activity is lost. The presence of the salts as complex compounds in fresh natural nmineral springs is supposed to be due to the special geological conditions under which these compounds are formed.
IT would be carrying coals to Newcastle to emphasize here the importance of physiotherapy in the treatment of heart disease, Great Britain being the country where physical treatment for an affection of the heart was recommended for the first time. It was Stokes who, in the middle of the last century, advised exercise as a method of treatment for patients suffering from " fatty heart." Baths, however, of all kinds were even then strictly contra-indicated for any heart patient, until Beneke modified the general medical opinion. Beneke showed that the Nauheim baths, then used for the treatment of rheumatism, skin diseases, etc., could also be applied in those cases where the patients suffered from a chronic affection of the heart in addition to the original disease, and that, in such cases, the Nauheim baths not only did no harm to the heart, but might even improve its condition.
Balneological treatment of heart patients, however, did not exist until August Schott, as the result of his observations on the effect of the natural Nauheim baths on several hundred heart cases, established in 1880 the balneological treatment of circulatory troubles by means of the systematic use of the natural Nauheim C02 thermo-saline baths. It was he who elaborated the system upon which these baths should be given, and who indicated the main points of their mode of action in heart cases. The following decades revealed, to a certain extent, the scientific basis for this then new and purely empirical method of treatment, and a great number of details as to the mode of action of these baths on the circulation were shown by the extensive clinical and research work of Th. Schott, Strasburger, Jacob, Muller and their various co-workers, Ernst Weber, Hediger, and many others in different countries.
As the result of this work, the tonic effect of the natural Nauheim C02 thermosaline baths on circulation and respiration was demonstrated, as well as the superiority of the natural baths compared with artificial ones. The Nauheim baths forming a stimulus of the most complicated kind, influencing circulation and respiration from the skin, I decided to obtain a more intimate view from another point as to the mode of action of these baths by studying their effect on the subcutaneous 002and O2-tension, these tensions being dependent on the conditions Schott: Carbon-dioxide Thermo-saline Springs of circulation and respiration. The study of the subcutaneous gas tensions seemed to be of still greater interest than blood gas examinations, as the investigation of subcutaneous gas tensions brings us a step nearer to the tissue cell itself.
The possibility of studying subcutaneous gas tensions easily and accurately has been given to us by the ingenious method of Campbell who showed that after the injection of N2 or air into the subcutaneous tissue spaces, an equilibrium of tension is established between the injected gas and the tissues. This equilibrium being attained the C02and 02-tensions remain approximately constant for a long time, so that ready means are afforded of studying the influence of exogenous factors on tissue C02and 02-tension.
Following, on the whole, the tecbnique as elaborated by Campbell I developed a method of my own for injecting air into the subcutaneous tissue spaces. This enabled me to perform the injection steadily and without difficulty at any speed and pressure required. The simple technique is as follows ( the injection needle (D), prepared according to Campbell's instructions so that there is a minimum of dead space on withdrawal of the gas samples from the subcutaneous tissue spaces afterwards. By observing the bubbles in the Mariotte flask, the manometer (M) connected with the rubber tube, and the level of the water in the cylinder, a steady injection of a known quantity of air under known pressure can easily be assured, the water flow heing regulated by a screw clamp. Haldane's apparatus was used for analysing C02 and 02 in the gas samples and the C02and 02-tensions calculated in the usual way. After the injection of 750-1000 c.c. of air into the subcutaneous tissue of unnarcotized rabbits it was necessary to wait until C02and 02-tensions became constant before beginning any experiment. I can fully confirm Campbell's statement that C02 equilibrium is established in about 1 hour, 02 equilibrium, however, not before 1i-3 days after the injection. The final C02and 02-tensions proved to be in complete figreement with those found by Campbell, the C02 tension being 45-52 mm. Hg, the 02 tension 20-26 mm. Hg in the majority of the experiments. The equilibrium once established, the long continued constancy of the tensions in a particular animal is remarkable ( fig. 2) .
In order to obtain reliable results as to the effect of the Nauheim baths, care had to be taken that the animals did not inhale CO2 which might escape from the bath. I therefore analysed the CO2 content of the air 5 cm. above the surface of Nauheim standing effervescent and running effervescent baths, and confirmed the view that, in spite of the very large quanitity of 002 in the water, only very little escaped into the air, the C02 percentage being not more than 0 3 per cent.-this property being a characteristic of natural C02 baths. Above strongly running effervescent baths only, 002 was expelled mechapically, so that the air above the bath contained a relatively higher percentage of 002. Therefore a ventilator was then used in all experiments, thus ensuring that the C02 content of the inhaled air did not exceed 0 1 per cent. in any experiment. The results of my investigations in which I used standing effervescent and running effervescent baths of the Nauheim spring VII, of 80-86°F. and 8 to 45 minutes' duration, are that a considerable fall of CO0 tension in the gas under the skin was observed in all experiments, the decrease ranging between 1 and 10 mm. Hg, the average being 5 mm. Hg. The minimum of CO2 tension was usually observed i to 1 hour after the bath ended, the previous level being reached some hours later. On the following day the 002 tension very often proved to be above the previous level. The 02 tension was increased in 50 per cent. of the experiments to 3*5 mm. Hg on an average, in the remaining 50 per cent. it was unaffected by the bath. The 02 tension was observed to reach its maximum later than the minimum of the C00 tension. On the following day the O2 tension either remained raised or fell to a lower level than-before the bath (figs. 3 and 4). l.
. vs Il I Schott: Carbon-dioxide Thermo-saline b'prings Plain water baths of the same temperature and duration proved to have the same effect on the C02 tension; they always caused, however, a fall also of the 02 tension averaging 3 mm. Hg, whereas the Nauheim baths, as shown above, increased the 02tension or did not alter it ( fig. 5 ).
In order to interpret these results we have to consider, on the one hand, -pharmacological research carried out by the same method, on the other hand, research on the Nauheim and other natural C02 thermo-saline baths by other methods.
Realizing that the subcutaneous C02 tension is about the same as the alveolar C02 tension and that both are influenced in the same way and to about the same extent by experimental interferences (Campbell, Campbell and Hill), it is easily understood that increased ventilation is an important factor in accounting for the diminution of the subcutaneous C02 tension as observed as a consequence of the Nauheim baths. This is analogous to the diminution of alveolar C02 tension by a great number of stimuli causing hyper-ventilation, e.g., baths, massage, etc. It has been proved repeatedly that baths lower alveolar C02 tension and, moreover, that cool, natural 002 baths lead to increased ventilation (Liljestrand and Magnus). However, this interpretation is not sufficient to explain the increase or stability of the subcutaneous 02 tension, Campbell having shown that hyperventilation pro-* duces a fall of both subcutaneous 002-and 02-tensions. To understand these changes of 02 tension the change of peripheral circulation has to be taken into consideration. We know that cardiac stimulants in corresponding doses produce changes in subcutaneous 02-and 02-tensions in the same direction and to about the same extent as those observed in my experiments. A comparison between the influence on As, moreover, vasoconstricting drugs (e.g., adrenalin and infundin) and temporary stopping of the circulation by histamine cause the reverse (i.e., an increase in C02and a decrease in 02-tension) (Campbell), we have every reason to interpret the results of this experimental study by assuming that the influence of the Nauheim baths on the peripheral circulation consists in the increase of the peripheral blood-flow-the peripheral blood-vessels, capillaries, as well as the larger bloodvessels, being dilated.
This interpretation and conception is in perfect agreement with the results of other research work on the influence of natural Nauheim baths on circulation. Theodor Schott earlier made the same assumption on the ground of clinical observations and of blood-pressure determinations which showed a lowering of bloodpressure in hypertension by Nauheim effervescent baths, even if below the point of indifference. This view is supported by the work of Strasburger and his co-workers, who showed an increase of the volume of the arm by plethysmographic examination and, by means of the mirror sphygmograph, a decrease of the velocity of the pulsewave as effects of Nauheim effervescent baths on peripheral circulation. Hediger's new research work on the influence of natural C02 baths on pulse volume, carried out by his own method, leads to the same conclusion. He thereby confirmed the results, obtained by capillaroscopic investigation, which showed dilatation of the capillaries in cool C02 baths, and extended them to the assumption that also the deeper lying blood-vessels are dilated.
This effect on the peripheral circulation was not shown by the plain water baths, which never increased the subcutaneous 02 tension.
Still another point of more theoretical interest is elucidated by these researches. We have to realize that the C02 level of the subcutaneous tissues is lowered considerably by the baths used, and we have had to explain this fact by an increase in 002 output by increased ventilation. The results with regard to the subcutaneous 002 tension, therefore, clearly disprove the often-quoted opinion of Winternitz that the increase of C02 output in C02 baths, and the increase of the respiratory quotient to the value of more than unity, form an analytical proof of the resorption of 002 through the skin from the C02 bath. The results of my experiments, however, are in perfect agreement with the results of Liljestrand and Magnus' investigations in man, by which these authors showed that the rise of the respiratory quotient to the value of more than unity as a consequence of the 002 baths, is simply due to the washing out of the C02 of the body, thanks to the increase in ventilation caused by the bath. My investigations confirm the view that it is not possible to prove the resorption of CO2 analytically, although clinical experience, as well as the vascular reaction characteristic of C02 baths, lead us to assume a local chemical action of resorbed 002 (Goldscheider). This opinion is compatible with the well-known fact that the skin plays a certain r6le in the excretion of 002.
However this more theoretical point may be, these experiments are a new link in the chain of proofs that the Nauheim baths afford the possibility of giving a tonic treatment to heart patients by causing an alteration in peripheral circulation and by giving a tonic impulse to the heart. These investigations offer, therefore, a better understanding for the indications of the Nauheim treatment which have, of course, long been well known empirically, the chief indications being all those cases in which a tonic treatment of the circulation is needed; and also cases with genuine high blood-pressure, for the reasons which follow from the points dealt with above.
It would be beyond the scope of this paper to enter into the details of these indications.
You will have noticed the agreement between this study in gas tensions and previous research work carried out on Nauheim and other natural C02 thermo-saline springs. This agreement, however, no longer holds good with regard to the results of researches on artificial C02 baths. Blood-pressure, plethysmographic and other researches with artificial baths gave different and partly contrary results compared with those obtained with natural baths. The most striking example is, perhaps, the fundamental difference obtained by Ernst Weber with his method, which consists in registering plethysmographically the influence on the arm volume of a standard exercise of the foot. He found by this method, which allows us to draw certain conclusions as to the power of the heart, that not only were the effects of the natural baths more lasting than those of the artificial, but also that the former were often very efficacious in cases where the latter had been absolutely without effect. It might seem to be rather difficult to understand this difference in efficiency between natural and artificial baths, as the latter can be made very similar in their chemical composition to the former. But the application of the latest methods of physical research forms the first step towards an understanding of these differences, and further light may be thrown upon the subject by means of geological considerations.
Modern physics and chemistry have made us acquainted with crystal structure and complex compounds, and it is this knowledge which enables us to get a first understanding of the fact that not only artificial solutions, prepared by re-dissolving the salts and adding the gases originally present in the natural spring, differ profoundly in their effect from the natural spring, but also, that certain natural springs have very special therapeutic and catalytic properties when they first issue fronm the earth, but which disappear when the water is allowed to stand for a few days, or even for a few hours, before use. For centuries this peculiarity gave rise to very widely popular and almost mysterious beliefs, the explanation of which has hitherto seemed absolutely impossible. Nor could the discovery of radio-activity completely solve the problem, as analogous observations on the effect of ageing upon the diminution of therapeutic properties bave been made also on non-radio active springs. It is by elucidating these difficulties that modern phvsics and chemistry have greatly helped us.
Taking iron salts as objects of their investigations, Baudisch and his co-workers showed that freshly precipitated ferrous carbonate and ferrous hydroxide possess a specific activity which is lost when these salts are aged only for a very short time. Active iron compounds are characterized by the following four reactions, which are not given by the inactive form: (1) Peroxidase action-blueing benzidine hydro-chloride and hydrogen peroxide; (2) oxidase action-absorbinig molecular oxygen;
(3) catalase action -intense' decomposition of hydrogen peroxide; (4) biological catalysis-aiding bacterial growth, e.g., that of B. lepisepticum. All these reactions are shown by active ferric oxide and none of them by the inactive form. The activity is neither dependent on the chemical composition, nor does it depend upon the valency, the real factor being the crystal structure only, as the following example will show: The oxidation of magnetite (FeO.Fe2O3) to oxidized magnetite (Fe2Os3) represents a change in chemical composition without a change in crysta structure, both showing the same X-ray diffraction patterns, both forming cubic units, and both being active iron compounds. If, however, oxidized magnetite is changed by heating it to 5500 C., into the inactive hematite, the chemical composition remains the same (Fe2O3), yet its activity is lost, and the X-ray diffraction patterns show that the crystal structure has changed from the former cubic to the rhombohedral unit. The same relationship between chemical activity and spatial arrangement in the molecule has to be assumed also in dissolved salts. As the Werner co6rdination formulw could be shown to represent the true groupings of the atoms in some similar Pt and Ni complex compounds (Scherrer and Stoll), we have every reason to believe that, in the active ferrous bicarbonate dissolved in natural mineral waters, the specific catalytic action is in some way connected with the composition of the iron salt in the form of the complex salt sodium-pentabicarbonate-aquo-ferroate.
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By the influence of heat and light, or simply by ageing, these complex salts lose their specific activity, ferrous carbonate or hydroxide is precipitated which, on the access of oxygen, is quickly further decomposed and precipitated as ferric hydroxide. Analogous considerations hold good for other ions, especially for Ca and Mg. It is these changes which Baudisch considers to be responsible for the loss of activity observed by him and his co-workers in the natural Franzensbad springs.
In a recent paper Baudisch and Davidson demonstrated that the natural mineral waters lose their catalytic activity only in the presence of oxygen, especially when irradiated by the carbon arc lamp. In the absence of oxygen, heat and light alter only the dispersion of the contained colloid particles, making the waters opalescent without weakening the catalytic power. Similar conclusions as to the importance of oxygen were arrived at by Kotschau and Simon (Munch. med. Wochenschr., 1928, No. 3) .
With regard to the special curative properties of these active compounds, Baudisch assumes a catalytic effect aiding the metabolic processes in the human organism, similar to the aid of bacterial growth in experiment. This influence of fresh mineral springs on the metabolism has been proved by Bickel and his co-workers, who, in experiments on rabbits, found that the fresh mineral water of the spring of Bad Elster, given by mouth, produced a considerable rise in the quotient C: N of the urine. A similar effect could be obtained by active iron compounds, but not by using aged water of the same Bad Elster spring.
That, however, the relationship between chemical activity and biological activity is not a direct one, and that it would be wrong to assume the latter to be simply dependent on the former, is shown by the researches recently published -by Rosenfeld. The chemical activity of mineral springs is dependent chiefly on the hydrogen-ion Schott: Carbon-dioxide Thernmo-saline Springs concentration, the quantity of bicarbonate ion, and the presence of other ions (Fe, Mn). (Cf. for example, Fresenius and Harpuder, Scholler and Rothe.) (1 As to the specific properties of externally used fresh natural bathing springs, analogous conceptions have, in my opinion, to be applied to those fully discussed with regard to drinking waters. The reason why, in natural mineral waters, salts are present in this peculiar active complex form, is not yet known. Baudisch himself thinks of radio-active processes in the interior of the earth, and stress is laid on this point also by geologists. If we may apply the views of Baudisch and his co-workers to the Nauheim springs, further help to an understanding is given if we recollect the modern geological views as to the origin of these springs. According to these views the salts and the greatest part of the water of the Nauheim springs must be considered to be of vadose origin, that is to say, the water, being originally water of the atmosphere, has penetrated into the earth, and this, in the case of the Nauheim springs, takes place in mountains far from the spot where it finally issues from the ground, so that it has to travel a long way in the interior of the earth, washing out the salts from the subterranean deposits before it is driven up again several metres above the surface of the earth by the hydrostatic pressure and the juvenile carbondioxide at a spot where a fault in the Devonian formation makes it possible for it to rise between the chalk and the slate. Considering the geological details, the geothermic progression, and the natural temperature of the Nauheim springs, we are bound to assume that the water has penetrated at least 1,200 metres below the -surface of the earth, and this consideration facilitates an understanding that in these waters salt compounds are in a particularly labile and active state. It may be taken for granted that the structure of chemical compositions formed under the immense pressure present at a depth of 1,200 metres below the surface of the earth, in the presence of juvenile C02, the pressure of which cannot even be roughly estimated, in an elevated temperature, in the presence of radio-active compositions -and without access of light-the latter decomposing active compositions particularly rapidly-differs fundamentally from that of any composition obtained under ordinary conditions, and shows this particular lability and activity which is lost by even -quite short ageing.
Here, I think, we may fairly speak of having lifted a tiny corner of the veil which hides from us the secrets of Nature, and may confidently hope along these lines to penetrate still further into her mysteries.
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DISCUSsION.
Dr. J. ARGYLL CAMPBELL said that if Dr. Schott had followed the changes in tissue tensions for a longer period in all his observations he would have found these tensions eventually returned to their original normal levels before the bath. In any-one animal, under normal conditions, the tensions remained remarkably constant for many months, or as long as the animals have been under observation. Some experiments were carried out to test the effect of changes of air-temperature surrounding the animal; air-temperatures from about o' C. to 370 C. produced no appreciable changes in tissue tensions of normal resting animals. Over-heating rabbits by carbon arc lamp (70 volts, 30 amps.) for two hours at 2 feet distance produced much the same effects as those described by Dr. Schott, but the rectal temperature of these over-heated animals had risen by 300 F. Dr. Schott had proved that the bath he tested produced an effect similar to that of a small dose of caffeine; large doses of caffeine produced marked increases (20 per cent.) in oxygen tension in the subcutaneous region and in the intraperitoneal region.
Dr. GEOFFREY HOLMES (Harrogate) said that when he was in Nauheim two years ago he gathered, so far as he could, the views of the local practitioners on CO2 absorption, the effects of varying saline content of the baths, and the comparative effects of natural and artificially aerated baths. Conflicting opinions were expressed. The work of Baudisch had already been published but much more had been done by Dr. Schott in the meantime, using the Campbell method. In the absence of any natural British spring of combined thermal gaseous and saline character this method of treatment was one in which the home Spas could not compete. Springs of this type were, however, not uncommon in Germany, and continuous effort would be necessary if Nauheim were to maintain the lead which it certainly had at present. As a result of the work of Professor Weber, it was no longer claimed that a course of Nauheim baths reduced the size of an enlarged heart, except in cases of recent dilatation, though in these cases there might be marked improvement in function. During the last two years he (Dr. Holmes) had visited about twenty German spas and health resorts as the representative of a medical journal. The report on these visits had been published elsewhere, but he would like it to be placed on record in this Section that the reception given by the German spa practitioners had been most cordial and hospitable.
Dr. ERNEST SOLLY said that Dr. Schott's researches had shown the value of the study of the physiological and therapeutical effects of natural mineral waters at their source as compared with those of " laboratory imitations." Spa practitioners had always had to defend their belief in the efficacy of natural " spa " waters against the disbelief of medical men not conversant with spa practice, who generally considered that the obvious benefits received.by those who had " taken a cure " at a spa were only due to a healthy regimen. Dr. Schott's researches, following on those of Campbell and others, offered great encourtgement to the younger generation of medical men, who, fortunately, had better opportunities for carrying out scientific research than were available for the older generation. Dr. R. HILTON said that the mechanism and the significance of the small increase in subcutaneous oxygen tension which Dr. Schott had discovered were at present not clear.
With reference to the claim that subcutaneous Oi was a cardiac tonic, it was easy to show that in man 02 thus injected was only removed after several days; its absorption was in fact so slow that it was useless to the heart. Animal experiments had also shown that injection of 02 under the skin had no effect on the blood oxygen in anoxsemia. Oxygen, to be of any use to the heart, must be given in the only way by which it could reach it quickly and safely, that is, by the lungs. Dr. SCHOTT (in reply) said that Dr. Campbell's statement about the influence of overheating on the subcutaneous gas tensions and the fact that great changes in air temperature produced no appreciabte changes in the subcutaneous gas tensions confirmed the view that the temperature of mineral baths was not the only or decisive factor in their mode of action. Moreover, cool natural C02 baths produced a fall of rectal temperature in man.
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